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(54) CHARGED PARTICLE BEAM EXPOSURE AND UNIT AND TRANSMISSION MASK 

(57)Abstract: 

PURPOSE: To manufacture an integrated circuit with higher pattern 
accuracy by a method wherein the dispersion value of the current 
density of a charged particle beam passing through a rectangular slit 
is calculated, and the position of the optical axis of the charged 
particle beam for the rectangular slit is acjjusted by a deflection 
means so that the dispersion value is a minimum value. 
CONSTITUTION: The electron beam 2 shaped into a rectangular form 
by a rectangular slit 1 1 is deflected by first and second mask 
deflector 21, 22. The current value of the electron beam 2 on a wafer 
28 is measured in each positional relation to calculate the dispersion 
value α of the current value of a sample. It can be considered 
that the lower the dispersion value σ of the current value of the 
sample is, the higher the uniformity of the current density of the 
electron beam 2 passing through the rectangular slit 1 1 is. Thus, the 
current value of the current to be fed to an alignment coil 12 is 
adjusted so that the current density uniformity parameter σ is 
small. 
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1 

>y HlJ:oTJB»^«E»Lfctt, 
«*3r5E(Offil*i::K11U 

C(D*g^X 'J >y HC^oT^^Cg^n^mfe^t: 

— a * a & v x 37 ^ jsfc $ n r ii a M > \& — > \ Z & 
«f«»i«ffl /hiSifi/^ 37 - > $ nr & % mm v x ^ 

IS^flFr^fiBtcBBBU 

HfJfB^^X U >y h C J: o T^f Cgfl^ $ nf:Mef t: 
-Ac0WfSm^Steffl/hiSia/N o ^->(iWT^«^^fia 
*t& ■ 1 4$ * Ii» iB ±T t *«r * c <h Jc «fe 

0, »(BJE»XU y h*Hii"r*W«fiT-tf— A©«8E 

^^^^tCmrlE^mfe^t:--A^^M^b^^$nfc^ : 

mesa a° * - > « ic $ nr i >a /s* - > cd 
cksflfrisje^xu >y hc^oTS^cii^n/i^fe 
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2 

/^^->"C**^t*«r«tT*»*flll, 2Xfi3E 
fc^mte^ tf - A <D ME«SMI!5£ffl 'hS»^ ^ - > tc *f 

« $ nfc^tef tf- a zmzmmmifem^mm^ 9 - 

WEJE*XU >y hHctoTte»{c8E^$nfe#*ja^t* 
-A^miBiSa/^-->^{I^^^nTt^Mii/N 0 3 7 -- 

4E«0«r«tt^hT-A«)t*j£. 

fc^«fe^t*-AO)ffljB«^a'i«ffl/haa^^-->^*f 

*fT'5i»'&lC*5frt*WE«»X U y V\Z^r>xmm\zm 
2 nfcffMtBrP tf— A £ MrE*3Kffl£ffl /hiSa a° 37 - 

-A^rm}Ejia> r N 0 ^--->1S{C^^:$tlT^^aa^^-- 

i,2. 3xu4Ei©»ittfe-Ai3e*s. 

fc*-A<^ME«a»i^ffl/haa^^-->^*f 
r £ a * <b hb we: b \z 45 tt & k n m ±.x <d mmm <r> wsl 

»snfcw«e i Ptf—A*ttE«fliEJiiffiffl'haa/ , «^— 

tt»itt*»*flL 2, 3X«4fi*0«ftfif 

Sftfc»tttft-A®j|**i«^(l»fil*»»«ii:» 



3 

TfTfcn*£<fc**#»<tT*M«J«2 . 3, 4, 5. 6 
feft'-AOTX 'J >y h«H»BKSnTl^ffi»X'J 

So 

[0 0 0 1 ] 
[0 0 0 2 ] 

ff -5 C t <fc 5 iZ&f&Ztlfz t><Dtfmm$ tlT& 

[0 0 0 3 ] 1^16^, l[itft-A^%it^Sf 
fit. 2^ifil^b%4$n/ifft:-A, 3-9« 

«»^ctsu>xfpffl*«ffl Ltif if- a 2 ^m^^ 
[0004] i o tim^ti-A 2 zmmzmm-i- 

ZtztfXD&M**) 7M1 £KttT&£Je»X »J >y h 



(3) «pM¥7 - 1 6 1 6 0 5 
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«, i 2ii«^ tf-A2£)>£«i<AJej0X'J 7hl 1 1:» 

[0005] s^, 1 3 \zmmcD'?7st?&W)mm 

X^T&0, C(DyD 7 ^VX^l 311 0 1 7 tZ-^CD 

[0 0 0 6] gl 7+, 14 'J 7i:>f*$n^ngi^T 
£>0, ^COX'J 7 1 4 CDiSiRti, yD7^VXM3^ 
0_t, *¥-\Z&ih£-£2>Z£\ZJ:0ft£>tlZ>o 
10 [0 0 0 7] Sfe, B18I11 fi<&X'J 714^11 
*X U 7 1 4 li^D 7 > 1 5 tftSnsMSS 

1 9 \Zir^^oUmm^9-> (£AT. ^d-v^a^- 

>«t^-5) i 6 — i 9**«j5Kanr*3 0, :/D>y^iii 

tRte, &i£T£7X?ir-7 ls9?\z£.Q?rt>nz>o 
[0 0 0 8 ] 0 1 6 2 0BB»XU 7 

h 1 1 JC<toTffi*fCB«Snfc«^bf— A2 Sr^D-y 
l 3±Ttt«ft'h3<. 0»J;Ltf> 5 0 0 //m« 

20 ft* fl|pJB-caa 0 

[0 0 0 9 ] 2 l-24IJfft-A2^yD7 

^TXy 1 3 ±TJt 5mm^|*J<7) 

|6]ffiT*0, t*K\ 2 1^17X^x7^7^, 2 2 
IM27X7t7^^, 2 3M37X7T7I/7 
24liS47X^f7l/i7^t»$nSo 
[0 0 1 0 3 **:, 2 5 tilf t'-A 2 COjii^ 

nm-rz'77>*>{fnm* 2 6Biin»oiiw»« 

88) , 2 8 ti«ft#£ftT*&£^XAT*0. BTfcf- 
A 2 <^«)t»*«5±TW{iKfts!)$:fT 5 ;* -f >x V U ? 

[0011] C<7)B^t*-A8ft«Blc*5l>T. ^n>y 

mmizmmznrzmi- e-A 2^^n 7 y7xyi3[; 

i«$nt7D v 2 rt9->\ZJ:-DTffim<DMVt\zmM 

^ [ooi2] «^se i fr^atsnfttft- 

A2coft«|<Z)£j&X'J ^ h 1 l i:*tt-6filii, 

*. m>r;n 2 jcatT^#«8K^«atti 

a^««E«[ (-7XA2 8 \zi&ti2>nffi<Dmffi.m) & 
m*£u&m* fin^>, ie»x'j7Misai«tf 
fc*-A2a>m«cf6 (xu 7 hiSiam^ffi) ^«^^>i^ 

[0013] 

50 7</>h3i'jH 2JZ8K-r^*«8it<Z)«8iE*t^>ft5t* 
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mz. js»xu 7 h 1 1 \z&r>Tte&\zmm2fttzn? 

[0 0 14] Z.<Dttab* (3 2 OH^-Tcfcofl, 

-A 2<0«i***ttft<ftoTL* 5«^ti;TLS 

[0015] 2 9 (4^x/\ 2 8 iitz^Tt^n^ 

[0 0 16] ^(Dct^tZ, mytn$ — >2 9<7)*aKT'jt 
»3 1 «r»aE«3ttT«Ctl4, •> a -v h X 

[0017] *5KWtt, frfr2>*\zK&* K3t*t«*fc ^ 
[0018] 

Wme^hf-ASrffiJgXU >y hmizM&L2tlT^Z>m& 

!ZctoT^»{CSE»$n/z?Bf«eT't'--A«:^P 
^^Ci^^nxt^yn *y ^7/^ — XliotfS^ 

mmzmmL. z.<D?ny ?/^?->\z&^xpftm<DM 

5£ffl/h7a 7^^->«^nrf^^n 7^x 
^«:flFrS(Dfi«ICiEISL, &^X U >y MCi oTffiJ&f;: 
»»SnfcW«fiTtf-A<Z>«flitjHffiffl/hyP'y ^A°^ 

«a^hT--Aa)«««§E^»«II«:»aiL, fffift'- 
A«*«t)E»XU >y K«£(&micRtt6nfc«|6]¥ft 

[i cfc o t , /h« & 3 «t a n^ms^ e- A 

B^Wd^W^SnfcfflWS^F AG>J6»X'J *y He 

ttrzxmnizm&mmLTuytttfkmzttrzxx* 

fro t^^V feOT'feSo 
[0 0 19] *SeWJCcfcSffir«e^e-AJt3t* 

-a*«»xu v hmzmrfLZtiT^zmmx u -y he 
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6 

»lc8*3nfc»«fi^Fb:-A*:/n -y icjgfiii 

n fc «f * e ? e - a ( z ct o s 3t n m m \ z n -t s s * * n 

^ffl/jN-xa 7^/^->«^nti^yD vzn*? 
mzitzfn 7^/^->«$nTt^t^p 7^ 

[0 0 2 0 ] *^CJ;^7'P7yvx^[i, - 

9—>i)mtfL'£nx^z>£#i\z. znnmmifem'i^n 
7^^->M$ntt^ya <y zn? — >&i&m 
&<DmtiTz>mm<nzfa y ? rt*->&tiimm\z\*-7u 

[0 0 2 1 ] 

[ftUH] *KWfc«tSW«fi[ : fhr--A«t3t/7ffifCJ:n 
- A co^ «t»]^ ffl /Jn zf a y z n 9 - > (c Z>m*<DM 

Wffi s tc *5 tt s ■ -t t cd « Kit * ■!« -r a c £ k «t 
^> ± -5 iKf t*— a 58* asa> e> « * $ nfc 

^mfe^t:-A(D^ff^X'J ^y h(Z^T^7 l dttc7){ig$:^ 
[0 0 2 2 ] C<7}*£jK> fi«X'J ^y h£3iaT£^m& 

[0 0 2 3 ] *^0^tCi:^^Ste^b:-Ail7t^ 
g(rcfcntf, SIX'J ^y htCcfcoT^^^SJ^^n^?Sf 
ttfe^ h'-A<Dm^M l l^ffl'J^y□>y ^A^-yCMt^. 

[0 0 2 4] Lfctfot, ffinn i m-t*?e>kffi.£m& 

X'J >y h tailT*W«tt^ hT-A0)«««*a)»«« 
*<«/h«t t tt* J; "5 tc^m^T- fc* - A b s 

n^ieft-AcOSiX'J ^y hC^t^^teft' 
-A^Tttt^fig^HSL, S»7Uyh*H«* 

[0025] ^ia^yn 7 ^vx^^ffl 
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[0 0 2 6 ] Lt^ot, i?fiefe-A^taii:Si 
X'J >y h«t(^WfC»lt^nfc«[fil^St'J:oT, ffifl^ 

-A<B)t»*<7)filt*:ailSEL, ^fl^X'J y h 

[0 0 2 7 ] 

[0 0 2 8 ] *5fi^<&— ^«MT**«7 bf— AJl3te;£ 

[0029] :©Bii:St/'P7i' , 7X^m. ^ 

raic«/«£n*m7e-AS)fcK»a<, #589i<B-5SJfi 
[ i ( X. Y) - i av ] 2 

X, Y 



[0030] :;c, 01*. Mtiin/:S^3 

2, 33r33 8 , 34i-34i 6 fi> lf@<7)X'J7|*g 

— >3 5^»l{SnTl^. 
[0 0 3 1 ] te£>, ya 7 ^33 r 3 3 8 H^, 7'n >y 

70 [0 0 3 2 ] ***«H*5lr»Ttt, tft-A2 

7 v Py^/\°5'->3 5 (Dfig^ia 2 l3^"T«t 5 ftJfi«5R 
(X, Y) T'5Etf>£fc<7)<hT<5o 

[0 0 3 3 ] fit, *BJ£X 'J 7 M 1 \Z£r>XteM\Z 

2 1, 2 2 fCJ:^Tfirfi]S-a:*^tH«kO» m^ffl^ffl 

X U y M 1 JC«t^«2 A*H3f3*93«r^UTIBfZ^ 
TfiHIWWlCLT* §{iBM{£f'&tt£JS£c^xn2 

(X= 2 , Y= 2 ) , i ( 1 , 2) • • • i ( 1 , 1 ) 

y) (Dftmmo zw&-?z>» 

[0 0 3 4] 



fIL 



r= [ 2 i 

X, Y 



(X, Y)]/N 



(X, Y) »J hflfetcw-fsyn 7 ;?x? 3 5^{aa 

N=i (X, Y) COKtffjiS^mo 



[0035] cctc, i (x, y> coftmm 

JSWK*H>Ttt, C<7)tt««8l« i (X, Y) GO^fRM 
o^^XU-yhl 1 «r«iBLfc*7 fcf— A 2 

[0 0 3 6 ] i^77<^>Ha<;n 2i:Stii(?) 

[0 0 3 7 ] C<7)PB^ffitC*5^Ttt, *"*\ fllXf 



7^ (77-f^>h3<JH 2 Kcfc^f^Pti-A 2 a>H 

[0 0 3 8] hp*>, *-*\ 0 4 fc^-r J;^;:, i^SStJ^ 

if t'-A 2 a bSItJHL 

(xf7^s i) , m^r. sixf 7 ^aisixf 

T (Xfy^S 2) 0 

[0 0 3 9 ] ::t:, m 5 tc^f -9- f >i;*ut 

te, 77</>h3i';H 2Ccfc§tft'-A2(DXi 

*ipjo)iBr6j. YW^rfii^Mrsj^^n^ntcHL, x^y 

7"N 1 6 £3lfTTSo 

50 [0 0 4 0] if, rnfi»ft hn<;n 



(6) 

9 

«ft-A 2 *:«|firr*«»J(0{ill) strtLT^ 

[oo4i]*i:, tmnmm \ (x. y) sraue-rs 

tS!tWl/>y«:»SL (Xt7"/N2) . s t r, s 
t r+lflXf^y, s t r + 2xR|XT7^ s t JO 
r + 3xgfXr7^ s t r+4x)||Xf7^p 

It i (X, Y) £gI3 tC^Tct:^ fCLT 

7^N3) o 

[0 0 4 2 ] ^CiC, X^>y X°N 4 , N 5 tC^f £ "5 (I, 
Xt7 7 p N 3 Ufc«SE?Slti^-tt/^7 * — * a CO 

eta tz-r^o 

[0 0 4 3 ] tK«M-tt/^^->o*WI[ 20 

f, fls*J7s9<nm- UyX^gJfflij SrtLfcIS 

K*5HT. M@MMLT, f = a (r-b) 2 

+ c a, b. c 

[0 0 4 4] CZlZ. a<0, b<0<a«£\ EPt>, US 

C i t: J: -3 T««f * J5-tt/^7 / -^ a (DMk'bM&m 
m-?Z>CtrfT"£Z><DT\ ZCDm&lZlZ. s t r = s t 

r + 2xMXT7^it 1 nmnmmzfto (xf 

7^N 5 CO ) o <?0 
[0 0 4 5] a<0, b>0COi#^. W*>. WWd 

t^ui^t^^^t. d^Jf^dte. s t r = s t r 
-2xgiXf77°(!:lT, 3Jgtf>EE gR^ff 5 (X^y 
T^N 5(7) ) o 
[0 0 4 6] Sfc, a^0, b = 0(nm£. HP*>, P*i& 
f =«««aEiS— o *<H 8 XttH 9 II^T 

tty<Xi:±*fe©tLt. »*Wft6^*W*, s t r 
tLTflMRSfr? (Xt77'N50 ) o 

[0 04 71 st, a>0, b>fi^X^y-/a)ig£, 
BP^, IW![f=«ijt«^-tt/t7/-Ja*<Hioi: 
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t r = s t r + 2xfftXf77 V (hLT> WKtf>S3R£: 
ff O (X^y^N 5 (7) ) = 
[0 0 4 8 ] It, a>0, b<-SiXr7^« 

sp*>, use f =nm®m.®-' ft/^/-* a#ia 1 

H s t r = s t r-2X|SXf7y^T 1 m&<n 

mmz'no (xr77"N5^ > o 

[0 0 4 9 ] *fc. a>0, -R*X7^y7<b<»* 

x^-y y^^^n^. mm&m£i-i±/^7 o<nm 

ft. ilMt^l/y'X^Cs t r + 2xSiXf7^ 
l*t7hbT»*S:»!f7t5 (X^y"/N5<Z) ) . 

[0050] cc^^^tzti, &\z. mmnmr 

[0 0 5 1 ] CCtC. W»B*<03IS«L*3tffcia4 

i 2fi«T«i«co«fl6Ma)PIBE«a)«Te-A2<o«i« 
SBaeJS-tfc/^* — * a a *ftJH-rs (Xt77'S 
3) . 

[0 0 5 2 ] (a a - a b) /a b#3f§IBHl*] 

(Xf77 u S4) , rF^$gffll*UC 

T>*Z2-)VTZ> (Xf7^S4T'NO^«&) o 

[0 0 5 3 ] cniC*fLT, (aa-ab) /ab^If 
^JSH^tr^^^i^iCH (Xr77'S4T'YES^ 
. jfiXf77 u $»iXf77°<hLT, H4, EI 

[0 0 5 4 ] f L/T, (aa-ab) /a b ^SF^ttBB 
rtH&ofcW&lZte (Xf77°S4TYE S . 

1 2 iziM?nm<»mmfc<DMmmm&mTrz> (x^-y 
ys 5) o 

[0 0 5 5 ] ;^tC, X 'J -y h^X U ^7 3? 2 0 IZ^-dTM 
Mta^ffl^ya-y ^/1^->3 5WSIOTXU * h 
1 1 TSl^Cfif $nfctf t-A 2 tit L, iiiS^ 

[0056] mah m 1 2 ^^-rct-sftaa 
*3it*aa«atififlEftjR<7)x-y >?3 6-3 9 « % nmm 

[0 0 5 7 ] gP^, rOJf^lCti, iiiSffl07'D7 
9/19— >3 StC^T^XU^y Sf7U^^ 2 0 CJ:§ 
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[0058] hi 4n^-r^^^3Siam 

ik®m-?v -/zmrzm&te, z.<D&Anmm&-?y?iz 

[0 0 5 9 ] EP^, CGDitSiCte, «flMHffi 
i7/i?—>3 5 l^t^X'J *y 9 2 0 {Id; 5 

«ft-A2©i«*lS]« t 0 1 5 (C^-T^fCftoT 

[0 0 6 0 ] L/t^'oT, :L0)l§£f::ti, j$i&Stft£/£ 
ftUCI 7 y 4 0 - 4 3 0)fi[|Hff ^ «J , X'J7hr7 
U?*2 0 hi — A 2 (Djk&jjfa&m 1 3 1Ctk 

[oo6i] z\<d&o\z, *mmm\z£ti\i. s^xu 

7hll fc'-A 2tf>««tgg«#ffi£J3- 

XteB&i^-ch U ^7XA2 8±<7)g)t/\ o ^->c0&gl$£ 
^-ttJt^STB^-r^Ct^Ti^^T, 9XA2 8 
KHStf)*^'** — >*»J5RT £C<ta*T*. ^^-> 

[0 0 6 2] ±5*(D*lfi«fC*5liTtt- 

> h3<jn 2 fzst-r«at<^«at«t«:n»Lfc», xu 

7hr7U^^2 O0OD3S^ff ict^JCLfc^i^^OVJ 
Titt^Lfc^. d<&ft;baf:\ X'J7hf7U^75'20 

2i-2 4*«fibtt^i^i:tt. :tib^ l -35 4 

7X^f7l/^^2 1-2 4 lC«fc Off? <?0 
[0 0 6 3 ] 

«^xu >y h^aiar^^me^tf-Aoms^^^fl! 

«)K^««®»«:«iB-r set 
[Hi] M^)^«MT^I.ffl:-A8)£Ji^ 

\z^-f¥mm-?&% 0 

[H2] fi»X'J7 h&<70*g^X'J y hCiotffiit: 

[H3] *^<7)-^js#mf t^ti^T v-r bn 1 

- A <D m fp] £ ^ T 0 T * £ • 
[04] *58iH<B-*ttMTfffcft*7v'f hn< 50 



M¥7 - l 6 l 6 0 5 

12 

[05] *»H^<7)-*j6fif«jTfft)n^r^<^> h=i>r 

[06] ««««iS-tt^7 / -^fl)*Ki©!IJ 1 «t« 

[07] *flit?Eaig-tt/^^-^<7)*«ia)SB2«Sr* 

[08] — *(Z)l|lft(0*3««:« 

[0 9] m*^JS^-ftA o ^^-^O*«i(^^40iJ^^ 
"THTftS, 

[0 10] «SftffiaEJ^-tt/l^jX-^<7)*fta)!B5«* 

[0 11] ««t!6*ig-tt/t^^--^a)*«l<Z)*6««: 

[012] «atjB)^ffl(0^n -^A^-XDHi^XU 
>y h^^U^^(CJ:oT{M^L^S : f-t:--A-r : ^^Lfc 
if & (C t# * d <h tMT # iSifiS ffiffi -7 

[013] 012 izTKTtmmnffi&fg. v >y -y^mrzm^ 
\z&ttz>nxmfem<D7n 7^/^->c^t^xu ^ 
h ? ? u ^ 37 1 c «t s m t e - a co ^ a 7? ifij * tk t 0 t & 

[014] fffiiSffl^yD -V ?/^->tf)JSH£X U 

[015] 014 iz^raia««t^s*r »y -f&mtzm^ 

[0 16] *^tl-A^>t^M^-^j^g^^«EB§W{C 
7K-T0T&&O 
[0 1 7] 0 1 6^^"r«^tf-A«y£*K^fltx.^y 

[0 18] 0 1 6 lC7KTm^h'~A&7^g^e^£-7 
[0 1 9] 01 6t;^lfh'-Al)Eai^lAl)7' 

p^y wxptfrnizva v 9 tw^ti^>m^^rm 
[020] r^-r h3<;nr8E-r*ato«ifit«*«ft 

(0 1 ) 

3 2, 3 3 r 33 8 , 3 4 i-3 4 16 -/Uy? 

3 5 n\kMJ£m<r>-7uy >?t\9 — y 
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